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1 I Introduction

a

a
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a

Modine Manufacturing Company (Modine) is submitting this comprehensive historical
summary document, in a RCRA Facility Lrvestigation (RFI) report format, as a result of the
meeting that was held between Modine and MDNR on August L6,2005. The objective of
this Modified RFI Report is to provide the MDNR with sufficient information to resolve the
open issues that were raised in the Comprehensive Groundwater Monitoring Evaluation
(CME) dated March 22,2005 and the MDNR follow-up letter dated September 1.,2005.

The open issues identified include:

r the potential source of volatile organic compounds (VOCs) beneath the building floor
near the former Monorail Vapor Degreaser and still ]r./rs67 (swMU 26),

the potential source of VOCs in soil along the former domestic wastewater line that
conveyed wastewater from the facility to the former Hulett Lagoon,

adequate definition of the extent of trichloroethene (TCE) in groundwater in the shallow
"perched " zo\e and "deep" zorre south of the Modine facility,

adequate definition of the extent of TCE in groundwater in the "perched" zone north of
former Hulett Lagoon,

the possibility of an evaluation of remedial altematives for the shallow "perched" zone.

This document consists of five sections, described below:

. Section 1 states the objectives of the comprehensive historical summary report and
summarizes the facility location and history, and the regulatory history

o Section 2 summarizes the site topography, geologic setting, and hydrogeologic setting

o Section 3 presents a surunary of previous investigative and remedial action history

o Section 4 summarizes the conclusions and recommendations

o Section 5 presents references

1.1 Facility Location
The Modine facility is located at221. Sunset Drive (formerly 179 Sunset Drive) in
Camdenton, Missouri. The legal description for the site is NE %, NE %, Sec.26,T. 38 N., R.

!7 Y., Green Bay Terrace Quadrangle, Camden County, Missouri (Figure 1). The facility is
bordered by residences to the northwest, north, and east, and is bordered by a wooded
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INTRODUCTION

ravine to the south, southwest, and west. The Lake of the Ozarks is located approximately
one and one-quarter mile west of the Modine facility.

1.2 Facility History
The facility was owned and operated by Dawson Metal Products from1967 to7972.
Dawson Metal Products produced air-conditioning coils and feeder parts from aluminum
and copper tubing. Sundstrand Tubular Products purchased the facility tn1972, and
continued operating it until1990, ln October 1990, Modine Heat Transfer,Inc., a wholly
owned subsidiary of Modine Manufacturing Company, purchased the facility. Modine
Heat Transfer Lrc. merged with Modine Manufacturing Company on April '1,,1997. Modine
Manufacturing Company (Modine) is the current owner/operator of the facility.

The manufacturing building was originally constructed in 1967. Since that time, the facility
has undergone four expansions , in 1970, 1973, 1979 , and L983 (Figure 2). The building also
undenrrent a complete interior renovation n1997. As part of the renovation all the
degreasing units were removed and all recessed floor portions were brought to grade. The
impetus for the renovation was a product line change that required replacement of all
equipment in the plant other than the wastewater system (package plant) and the electrical
system.

Prior to 1997, the Modine facility produced aluminum and copper heat transfer units. The
manufacturing process required the cutting and mechanical expanding of aluminum and
copper to bond the copper tubing with the aluminum fins. A vapor degreasing process was
necessary to adequately clean (remove oil and dirt) from the various parts and assembled
units prior to further processing. The vapor degreasers at the facility used TCE until Modine
purchased the facility in 1990. Modine used 1,1,L-trichloroethane (1,L,1.-TCA) in the vapor
degreasers from 1.990 until 1993. In1993,1,1,L-TCA was replaced with methylene chloride,
which remained the solvent of choice until 1997 when all degreasers were removed.

Since 1997, the facility has produced radiators (larger heat transfer units) using a different
manufacturing process, which requires the bonding of aluminum-to-aluminum by a brazing
process. No chiorinated vapor degreasing is used in the cleaning of the radiators since these
units and parts can be cleaned using aqueous-based alkali cleaners.

1.3 Regulatory History
A Resource Conservation and Recovery Act (RCRA) Part A Permit application to operate a
storage facility was submitted to the U.S. Environmental Protection Agency by Sundstrand
Cory. (now Hamilton-Sundstrand) in 1980. Revisions to the Part A were filed in 1983 and
1990. A RCRA Part B Permit application was never filed; therefore, the facility was operated
as a treatment, storage, or disposal (TSD) facility under interim status.

Prior to the purchase of the site by Modine, Sundstrand submitted a Closure Plan in
September 1990 to terminate its interim status as a TSD and hold generator status only. The
Closure Plan addressed three former storage areas, all located on the west side of the
building. hr March 1992, Modine submitted a Revised Closure PIan. The MDNR approved
the Closure Plan with modifications in November 1992.
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INTRODUCTION

Concurrent with the RCRA activities, the Superfund Section of the MDNR Hazardous
Waste Program (HWP) contracted Jacobs Engineering Group through USEPA Region VII to
conduct a visual site inspection (VSD and preliminary assessment (PA) of the facility in
1,992.The VSI/PA identified 35 RCRA regulated solid waste management units (SWMUs)
and four areas of concem (AOCs). Of these units, only six SWMUs were reconunended for
further investigation (Figure 3). These consisted of:

o SWMU 1 (Hulett Lagoon),
o SWMU 2 (Mudpits),
o SWMU 4 (Tank and Drum Storage Area L),
. SWMU 5 (Tank and Drum Storage Area2),
o SWMU 19 (Monorail Vapor Degreaser and StillM185)
. SWMU 31 (Tank and Drum Storage Area 3),

Several investigations and remedial activities were conducted related to these SWMUs over
the years fuom1992 through 2005. Section 3 of this report provides detailed discussions of
these investigations. AIso during this period (7998), TCE was detected in the City of
Camdenton's Mulberry WeIl at concentrations in excess of the maximum contaminant level
(MCL) of 5 micrograms per liter (ugll.). The Mulberry Well is Iocated approximately 600
feet east-southeast of Modine facility and approximately 1,000 feet south of the former
Hulett Lagoon.

Modine and the MDNR negotiated a Corrective Action Order on Consent (AOC) in July
1999 to further facilitate the investigation and remedial activities at the site. The soil
investigation and remediation along with the groundwater investigation are being jointly
addressed by Modine, under the AOC, and by Hamilton Sundstrand. All current
groundwater investigations are being addressed by Hamilton Sundstrand under a letter of
agreement with MDNR as part of the Cooperative Program.
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2. Geologic Setting

2.1 Topography
Modine is located on an east - west trending ridge top in the northwestem portion of the
Salem Plateau, which is a subdivision of the Ozark Plateau. The topography of the area and
region is undulating, and characterized by a non-glaciated terrace with deeply incised
ephemeral streams. Elevation at the site is approximately 960 feet above mean sea level
with a topographic relief of 20 feet, across the site. The elevation drops off quickly into the
ravine immediately south of the facility. The base of the ravine is approximately 1.95 feet
lower than the elevation of the facility.

2.2 Soil

The Modine site was leveled for construction of the original building and subsequent
additions with 5 to L5 feet of clay fill, gravel and construction debris. The fill is deepest in
the southwestern portion of the site. The first natural material beneath the fill is the
Roubidoux Formation residuum. The upper portion of the Roubidoux residuum consists of
silty, sandy, red clay containing chert fragments. The lower portion of the Roubidoux
residuum contains relatively insoluble relict sandstone, chertbeds, and residual clay,
resultant from the deep weathering of the Roubidoux Formation. Soil borings and
excavations conducted at the site indicate that the thickness of the unconsolidated
overburden is approximately 5 to 30 feet to as much as 50 feet on the extreme southwest
portion of the facility grounds.

2.3 Bedrock Stratigraphy
The uppermostbedrock is the Ordovician Age Roubidoux Formation. The Roubidoux
Formation consists of dolomite, sandy dolomite and sandstone. Due to extensive weathering
and dissolution of the carbonate portions of the Roubidoux Formation, the bedrock surface
is uneven and only isolated erosional remnants are found to exist beneath the site.

The first competent bedrock to exist below the site is the Gasconade Dolomite. The
Gasconade is a cherty dolomite estimated to be approximately 300 feet thick. The Gunter
Sandstone member forms the basal unit of the Gasconade. The Gunter Sandstone member
separates the Cambrian and Ordovician age strata. The Gunter is estimated to be
approximately 20 feet thick in this area.

The Eminence Dolomite underlies the Gunter Sandstone. It represents the top of the
Cambrian Age rocks in this area. The Eminence is predominately composed of medium to
massively bedded dolomite and minor chert. The Eminence Dolomite is underlain by the
Potosi Dolomite. The Potosi is a thickly bedded, medium to finely crystalline dolomite that
characteristically contains an abundance of quartz druse. The Derby-Doerun Dolomite
underlies the Potosi Dolomite. It consists of thin bedded dolomite, which altemates with
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GEOLOGIC SEMNG

thin-bedded siltstones and shales. The Derby-Doerun Dolomite is the deepest rock
formation logged in local wells. Underlying the Derby-Doerun Dolomite are the shaley
Davis Formation, the Bonneterre Formation and the Lamotte Formation. The entire
Cambrian section is estimated to be greater than 1,150 feet thick.

2.4 Hydrogeology

Regional Hydrogeology

The principal potable aquifer in the Camdenton area is the Ozark Aquifer. The Ozark
Aquifer consists of all bedrock units beneath the site that are located above the Derby-
Doerun Dolomite. The total thickness of the aquifer is approximately 950 feet .

The Gunter Sandstone yields an adequate supply of good quality water for domestic use.
Therefore, most private wells in the area are completed in this unit and do not penetrate the
underlying Cambrian Formations. The major sources of municipal drinking water in the
area, including the City of Camdenton municipal wells, are completed in the Cambrian age
Eminence and Potosi Dolomites.

Site-Specif ic Hydrogeology

Shallow, non-potable groundwater occurs sporadically during the wetter months within the
unconsolidated overburden atop the bedrock surface. Based on results from investigations
at and around the site, the first encounter of sustainable groundwater is deep within the
underlying bedrock. Two distinct groundwater zones have been identified at the site: a
"perched" zone and a "deep" aquifer zone. Groundwater within both zones occur
primarily within secondary porosity features (i.e. fractures, bedding plane separations, and
dissolution cavities).

Groundwater within the "perched" zorte system occurs at elevation depths between 817 and
828 feet above mean sea level. Saturated thickness of the "perched" zone ranges between
approximately 1. and 8 feet, and appears to be controlled by the surface configuration of the
low permeability zone that forms the base of the "perched" zone. The general flow
direction also appears to be influenced by the occurence, depth, and slope of the low
permeability zone. Groundwater flow in the "perched" zone is generally from northeast to
southwest across the site. The low permeability zone is breached by erosion in the ravines
south and west of the facility. The "deep" aquifer system is separated from the overlying
"perched" zone by an argillaceous interval (Iow permeability layer) that typically ranges in
thickness between 30 and 40 feet. Groundwater within the "deep" aquifer system occurs at
approximately 781 to 792 feet above mean sea level, which is approximately 200 feet below
ground surface. The general groundwater flow direction in the "deep" aquifer is from east
to west.
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3. lnvestigative and Remedial Action History

Several investigations were conducted over the years (1992 through 2005) to assess the
potential for releases from the SWMUs recorunended for further investigation during the
VSI/PA. br some cases, subsequent remedial actions were implemented in response to the
investigation results and associated identified contamination.

According to the Jacobs VSI/PA, the SWMUs that required further investigation in L992

consisted of:

o SWMU 1 (Hulett Lagoon),
o SWMU 2 (Mudpits),
o SWMU 4 (Drum Storage Area L),
o SWMU 5 (Drum Storage Area?),
o SWMU 1.9 (Vapor Degreaser and Still M185)
o SWMU 31 (Drum Storage Area 3)

The Vapor Degreaser and Still M185 (SWMU L9) was destroyed by a fire in Iuly 1972.T\is
unit was located within the oldest portion of the building near the west wall. As such, the
potential for a release from this unit that could affect soil or groundwater is minimal. The
heat of the fire would have rapidly volatilized any release.

Most of the remaining SWMUs can be grouped together by area for discussion purposes
and in fact were investigated and/or remediated as a combined area containing one or more
SWMUs. The Hulett Lagoon (SWMU 1) and associated City owned wastewater conveyance
lines are located off the Modine facility site. The former Hulett Lagoon is located
approxirnately L,000 feet northeast of the Modine facilify. The Mudpits (SWMU 2), Drum
Storage Area 1 (SWMU 4) and Drum Storage Area2 (SWMU 5) are all located on the west
side of the Modine building and are grouped together for discussion purposes. Drum
Storage Area 3 (SWMU 3L) was located along the south wall of the building prior to the 1983
expansion. Following that expansion, the Monorail Vapor Degreaser and Still M567 (SWMU
26) was located in the ffune area. Therefore, Drum Storage Area 3 (SWMU 31) and the
former Monorail Vapor Degreaser (SWMU 25) are co-located in an area of interest currently
located beneath the building floor.

The following sections discuss, by SWMU or groups of SWMUs, which areas with
contaminants in soil have been addressed by past investigations and remedial activities.
Lrvestigative activities related to groundwater are discussed separately.

3.1 Otf-site Areas

3.1.1 Former Hulett Lagoon (SWMU 1)

The City of Camdenton operated five lagoons for the treatment of wastewater and sewage
prior to the construction of the City's Publicly Owned Treatment Works (POTW). One of
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INVESTIGATIVE AND REMEDIAL ACTION HISTOBY

these lagoons, Lagoon #3, referred to as the Hulett Lagoon was located approximately L,000

feet northeast of the Modine facility in a mixed residential/commercial area of Camdenton.
The former Hulett lagoon was constructed in 1.961 and operated by the city until its MDNR-
approved closure in late 1989. The lagoon occupied an area of approximately L acre and
was constructed with 15 feet high walls of existing and imported clay.

The former lagoon received storm water, domestic sewage, and wastewater from the former
Sundstrand facility, other commercial waste streams (Ron Hulett car dealership) and
domestic sewage from the surrounding residential area. Wastewater was delivered to the
lagoon via a Cily owned and operated sewer system and discharged from the lagoon to an
intermittent drainage-way north of the former lagoon in accordance with an NPDES permit
issued by the MDNR. No separate, dedicated wastewater line existed from the former
Sundstrand facility to the Hulett lagoon at any time during the operational life of the
lagoon. The NPDES permit was terminated following closure of the former lagoon.
Wastewater contribution to the Hulett Lagoon from the former Sundstrand facility was
collected via a series of mudpits along the west side of the building, discussed under Section
3.2.3 of this report, prior to discharge to the City wastewater sewer system.

Closure

ln July 1989, Missouri Engineering Corporation (MEC), a contractor to the City of
Camdenton, coordinated the removal of sludge from the former lagoon. The sludge was
land applied on a Z2-acre tract at the municipal airport located south of the City. Following
removal of the sludge, the inlet and outlet structures were removed and the sidewalls
graded to fiII the lagoon.

Prior to land application, samples of the sludge were analyzed f.or metals but not for VOCs.
Though the closure and the land application of sludges was approved by MDNR, they have
subsequently stated that the "closure did not, and was not designed, to meet the substantive
requirements of RCRA, relative to closure" (MDNR 7999).

lnvestigations

Following the discovery of low levels of TCE in two monitoring wells installed by MDNR
on the Modine property, several investigations at the former lagoon were undertaken to
assess the potential for soil contamination from VOCs. Figure 4 illustrates the locations
where soil samples were collected during the MDNR and SECOR investigations. Each
investigation is discussed in the following paragraphs.

1996

Dames & Moore, a consultant acting on behalf of Modine, conducted a subsurface
investigation at the former Hulett Lagoon in October L996. The purpose of the investigation
was to determine the presence or absence of VOCs, in particular TCE, in soil at the former
Hulett Lagoon. Four hydraulically driven probes were advanced in the area of the lagoon
where the inlet pipe from the City sewer system and the outlet or discharge pipe from the
lagoon were reportedly previously located.

TCE was the only VOC present at concentrations in excess of the current MDNR Cleanup
Levels for Missouri (CALM) Soil Target Concentration (STARC) Leaching to Groundwater
Pathway (Cr-rncH), and the Site-Specific Cleanup Goals (SSCG) developed by Modine with
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INVESTIGATIVE AND REMEDIAL ACTION HISTORY

the approval by the MDNR in February 2002. These results were in soil samples from two of
the four probes; one located near the outfall and the other near the center of the former
lagoon.

1999

Lr January 1999,|he MDNR Superfund Section conducted a Preliminary Assessment/ Site
lnspection (PA/SI) of the former lagoon. A membrane interface probe (MIP) was used to
generate soil gas data of the subsurface within and surrounding the boundaries of the
former lagoon area. The MIP results showed no significant detections of VOC i. *y of the
borings.

The MDNR also advanced L0 soil borings and collected eight soil grab samples from the
lagoon area and one background sample from outside the lagoon. Soil samples were
analyzed for total metals and VOCs. Three samples, collected near the previous location of
the outfall pipe, contained TCE at concentrations above the CALM CuecH value for TCE.
However, only one of these soil samples was found in excess of the SSCG.

2000
SECOR, a consultant acting on behalf of Hamilton Strndstrand, conducted a soil
investigation at the former lagoon in June 2000 as part of the first phase of the CERCLA
Remedial Lrvestigation (RI). A total of 1,5 soil borings were advanced within the footprint of
the former lagoon. AII of the borings were located within previously uninvestigated
portions of the former lagoon (central and eastem portions). Borings were advanced until
meeting refusal within the upper (weathered) portion of the underlying dolomite bedrock at
depths ranging between 4 and 1.1 feet below grotrnd surface Ogs).

Soil samples were analyzed in the field for TCE using a field gas chromatograph (GC) to aid
in assessment of extent. Confirmation soil samples were collected from each probe and
analyzed for VOCs and RCRA metals. TCE and cis-1,2-DCE were detected above CALM
Cuecu levels in one soil sample submitted from a boring located along the former west side
of the lagoon, nearest the MDNR sample locations. OnIy one sample contained a
concentration that exceeded the SSCG value for TCE (Table 1).

The samples exhibiting the greatest VOC concentrations were also submitted for Toxicity
Characteristic Leaching Procedure (TCLP) analysis. No VOC concentrations were found
above the detection limits in the TCLP extract.

Conclusion

Sediment/sludge was removed during closure of the lagoon in 1989. The sludge was not
tested to determine VOC concentrations, if any, prior to land applying the sludge on airport
property. hrvestigations to assess residual VOC concentrations in soil at the former lagoon
revealed isolated areas with TCE concentrations above the SSCG, predominantly around the
outlet pipe. Though these concentrations exceeded the calculated SSCG, TCLP results
showed no detectable concentrations.

The TCLP extraction is more aggressive and less representative of naturally occurring
leaching conditions than the Synthetic Precipitation Leaching Procedure (SPLP) used to
calculate the SSCGs. The aggressive nature of the TCLP extraction would result in greater
concentrations of VOCs in the leachate than would occur in a natural setting (the intent of
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SPLP is to replicate natural conditions). Therefore, the TCLP results show residual soil
contamination at the former Hulett Lagoon does not pose a risk to gtoundwater from
leaching. In addition, based on the depth of the samples (6 to 9 feet below ground surface)
SECOR concluded that residual soil contamination at the lagoon does not pose significant
risk to human health or the environment via direct contact, ingestion or inhalation. MDNR
acceptance of the RI provided concurrence with the conclusion that no risk is posed by
residual soil contamination at the former Hulett lagoon.

3.1.2 City Owned Domestic Wastewater Line

In accordance with 40 CFR S261.a(a)(1)(i) (domestic sewer exemption), the City owned and
operated sewer line that conveyed wastewater from the facility to the former Hulett Lagoon
is exempt from the RCRA corrective action process as defined in the AOC. However, the
MDNR has expressed concern with regard to potential sources of VOCs in soil along the
former domestic wastewater line.

There has been no direct sampling of soil surrounding the off-site City owned wastewater
conveyance piping. However, a dye trace study of the City owned sewer line completed in
1998by MDNR, showed that the City sewer line has leaks in it and that the movement of
any wastewater leaking from the line moves quickly to the "perched" zone. Dye injected in
the sewer line was observed in well I\,/tW-4 within four days of injection.

Conclusion

Since the wastewater line that was connected to the Hulett Iagoon is City owned and
operated, it is not covered under the AOC for Modine. In addition, the continual flushing
action of the leaking line would result in no significant concentrations of VOCs remaining
along the line. Therefore, no further investigation needs to be completed for this area.

3.2 West Side of the Building
The area west of the building containing a truck lane, a parking lot and lay down areas has
been investigated over several phases of work beginning in 1991 and culminating in the
removal of significant volumes of VOC-impacted soil lr.2002. The following text describes
the activities and actions associated with this area.

3.2.1 Drum Storage Area 1 (SWMU 4) and Drum Storage Area2(SWMU 5)

Drum Storage Area L was located approximately 80 feet west of the west wall of the current
facility's mechanical room. Drum Storage Area L was operational from 1972to 1983 and was
an area approximately 25 feet by 30 feet in size. Up to 45 drums of liquid waste and sludge
were stored in the area at any given time. Waste stored included TCE still bottoms, waste
paint filters and waste paint liquid, and non-hazardous waste oil. Drum Storage Area 1

corresponds with "Area 1,:1972 - 1983 Drum Storage Atea" as defined in the RCRA Closure
Plan.

Drum Storage AreaZ was located approximately 10 feet west of the west wall of the
building in an area currently under the wastewater pretreatment plant. Drum Storage Area
2 was operational from 1983 through 1985. The storage area was constructed of a concrete
slab (25 by 30 feet) with an 8-inch concrete containing curb for secondary containment. ln
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INVESTIGATIVE AND REMEDIAL ACTION HISTORY

addition to drum storage, this area also contained a 1,000-gallon capacity waste oil tank and
a 5,300- gallon tank used to store TCE still bottom waste. Drum Storage Area 2 corresponds
with "Area 2:1983 - 1985 Drum Storage Area" as defined in the RCRA Closure Plan.

lnvestigations

1991

The first investigation along the west side of the building was the 1991 Environmental Site
Assessment (ESA) conducted by Law Environmental,Inc (Law) under contract to Modine.
A portion of the ESA investigation focused on what was identified as " Area2, a drurt
storage area located along the west wall (side) of the plant". Four borings were advanced,
two approximately 30 to 40 feet west of the plant building, one near the former location of a
surface water drainage feature and one along the assumed location of a buried stormwater
drain [ine. Figure 5 illustrates the location of these borings.

Analytical results from soil samples collected from the borings indicated orrly low levels of
VOCs. The highest measured TCE and vinyl chloride concentrations, 0.061. and 0.078 mg/kg
respectivel!, are well below the SSCG for each constituent (Table 2).

1993

Based on the results of this investigation, Law was contracted to conduct a follow-up
investigation in July L993. Six soil borings (Figure 5) were advanced and soil samples
collected from within the area of the former drum storage area, to further assess the
presence of VOCs, metals, and cyanide in soil. An additional backgror.rnd soil boring was
advanced near the northeast corner of the Modine property. A lead concentration in excess
of the Any-use Soil Level (ASL), the screening levels in use at that time, was the only
constituent identified above regulatory levels. The elevated lead concentration was found in
one boring (B-11) located immediately south of the wastewater pretreatment area that
overlies former Drum Storage Area 2.

1994
Ir.1994, Law performed a Risk Assessment to evaluate the risk posed from VOCs and lead
in the former Drum Storage Area. The Risk Assessment concluded that no health risk was
posed by the minimal amounts of VOCs in soil and that lead in soil was not considered a

significant health risk.

Conclusion

The concentrations of VOCs identified by the Law investigations are well below the SSCG
for the site and, coupled with the Risk Assessment; show that no further action,
investigative or remedial, needs to be taken for these SWMUs and the surrounding area.
However, the MDNR HWP requires that the extent of impact be defined to non-detectable
levels for closure of TSD facilities. Therefore, an additional investigation (described in
Section 3.2.2) w as undertaken.

3.2.2 lnvestigation to Achieve Final Closure of the lnterim RCRA TSD Facility

In1995, Dames & Moore, under contract to Modine, conducted an Lrvestigation to Achieve
Final Closure of the Interim RCRA TSD Facilify. The study included both an investigation
to assess the extent of VOCs in the area of the former drum storage areas on the west side of
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the building and the remediation of the elevated lead level identified near boring B-11 by
Law in 1993. A groundwater investigation was also part of this study and is discussed in
Section 3.4 Groundwater.

lnvestigation

Six soil borings were advanced in an effort to define the lateral and vertical extent of the low
VOC concentrations identified by Law (Figure 5). The only VOC concentration identified in
excess of the current Creecn level was found in a soil sample from Boring B-13located along
the former buried stormwater drain line along the west side of the building. The soil sample
collected from directly above bedrock, at a depth of L3 feet bgs exhibited TCE at204 mg/kg
and tetrachloroethene (PCE) at2.1.8mg/kg (Table 3).

RemedialAction

The elevated lead concentration was present in the upper two feet of the soil horizory
therefore the excavation extended to only a depth of three feet below grotrnd surface.
Excavation limits are depicted on Figure 5. Approximately L2 cubic yards of soil were
removed and, following characterization, disposed of off-site as a special waste. All
confirmation samples from the floors and walls of the excavation contained lead
concentrations at or below 90 mg/kg; well below the ASL of 240 mg/kg and the
background concentration of 238 mg/kg obtained from the soil samples collected in the
background boring installed by Law.

Conclusion

Both of the borings that were located down surface gradient from and most distant from the
former drum storage areas contained low levels of VOCs and therefore did not define the
extent of the contamination. Further investigation was determined to be needed. These
further investigations and the resultant remedial actions are addressed in the following
sections (Section 3.2.3. through Section 3.2.6).

3.2.3 Mudpits (SWMU 2)

The mudpits along the west side of the building were used for wastewater collection from
the time of building constructionrnl96T through 1986, when the wastewater pretreatment
plant was constructed. There were originally four mudpits, identified as numbers 1 - 4
from north to south (Figure 6). Mudpit #Zwas removed during construction of the
wastewater plant.

The mudpits were concrete surnps, each one a cube with dimensions of four feet to a side,
located approximately ten feet west of the building foundation. The mudpits received storm
water, boiler blowdown, and cleaning line water from the manufacfuring process. The
mudpits were connected by a 6-inch diameter steel line and each pit received wastewater
from the previous pit starting at the south (#4) and discharging to the on-site sewer line at
the north (#L).
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lnvestigation

An investigation to assess any potential releases from the mudpits was conducted in
September 1997. Ten soil probes were advanced adjacent to the mudpits and the sewer line
discharging to the north.

Results from the sampling showed no VOC concentration in excess of the ASLs, the
screening levels at that time. However as pointed out in the MDNR CME, TCE
concentrations in soil samples from the four probes did exceed the CleecH level When TCE
results were compared to the SSCG, developed with the approval of MDNR in February
2002, only one soil sample contained VOCs in excess of the SSCG (Table 4). The boring from
which the soil sample was collected was located between pits #3 and #4.

Lead was found above the corresponding ASL at three probe locations near pit #L and pit
#3 and along the discharge line to the north of pit #1. Based on the lead results, over
excavation was reconunended during the planned removal of the out-of-service mudpits.

RemedialAction

As a remedial action in response to the investigation data, Mudpits #'J.., #3, and #4 and the
area surrounding the former probe location along the discharge line at the north end of
Mudpit #1 were excavated in October 1997.Figure 6 illustrates the limits of the excavations.

Confirmation samples from the mudpit excavation walls and floor showed that VOCs and
metals were below the respective ASL for all samples other than in the area of mudpit #3.
Lead was present above the ASL in each wall and the floor sample from this excavation.
Additional excavation was not possible due to underground obstructions. Subsequent
excavations at the facility have revealed the occurrence of galena, a lead ore mineral, within
the soil horizon. Therefore, it is now assumed that the elevated lead levels observed in this
area are naturally occurring.

A comparison of the VOC confirmation data with the SSCG illustrates that six confirmation
soil samples contained TCE at concentrations above the SSCG. Of these six sample locations,
three were removed through subsequent excavations. Two of the remaining three locations
were from the base of the excavations of Mudpit #L and #4 with TCE concentrations of 0.925
mg/kg and 0.383 mg/kg, respectively.The final "above criteria" sample was located in the
east wall of the Mudpit #4 excavation, which corresponds to the west wall of the Modine
building. The TCE concentration in this sample was1.975 mg/kg (Table  ).

Conclusion

The areas in which VOCs exceed the SSCGs are limited and isolated, and in areas that are
inaccessible for removal due to underground structures (fire line, etc.) or the potential to
undermine the building foundation. Therefore, no further action can be taken to remove
and/or remediate these isolated areas.

3.2,4 On-site Wastewater Discharge Line
The on-site wastewater discharge line conveyed wastewater from the former mud pits on
the west side of the building to the City of Camdenton sewer system located along the north
side of the Modine facility. The discharge line was removed and replaced as part of a plant
renovation in July 2000. Soil samples from the base and the walls of the excavated trench
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were collected for intemal documentation purposes. This information was later provided to
the MDNR in a letter report dated February \3,2003.

RemedialAction

The portion of the discharge line removed and replaced consisted of a north-south segment
and an east-west segment (Figure 7). Excavated soil was used as backfill on site and the
waste discharge line debris (drain tiles and other excavation material) were treated as a
special waste and disposed of properly.

Twelve composite soil samples were coliected from both the floor and walls of the
excavated trenches and one sample from the floor beneath a 90 degree elbow, resulting in a
total of 25 soil samples. These samples were analyzed f.or VOCs and metals. One sample of
released material, identified as sediment, was collected from each of the north-south and
east-west segments of the line.

With the exception of methylene chloride detected in two sediment samples, VOCs were
detected in soil samples at concentrations well below the respective CALM CuacH screening
levels, and therefore below the SSCGs (Table 5). Methylene chloride was also present in the
associated laboratory blank. Therefore, the methylene chloride concentrations reported in
the samples are asstuned to be attributable to contamination introduced at the laboratory.

All metals were below CALM CLsncH levels with the exception of chromium and lead. The
chromium detected at elevated concentrations in both sediment samples suggests that the
source of the chromium in the sediment samples was likely associated with past
manufacturing processes at the facility. However, chromium concentrations in soil only
exceeded the CALM CrrecH level in three samples - two locations nearest to the former
mudpits and the other near a sediment release.

Lead was detected in five soil samples at concentrations that exceeded the CALM Cr-eecn

screening level. Elevated concentrations of lead were not identified in the sediment samples.
Lead is a naturally occurring metal commonly found in native southern Missouri soils. The
lead bearing mineral - galena - was observed at the soil/bedrock interface during
subsequent removal actions conducted at the Modine facility. Therefore, it appears that lead
concentrations in excess of screening levels are nafural occurrences and not associated with
past manufacturing processes at the facility.

Conclusion

During the investigation, the identified VOCs in residual soils were below CALM and SSCG
levels. Chromium concentrations remaini.g ir place are only slightly above the Cr,recu level
and the sediment was removed and disposed of properly.

Therefore, it appears very unlikely that the VOC and metal concentrations observed in soil
are a contributing source to groundwater contamination beneath the site. No further action,
investigative or remedial, is required for this area.

3.2.5 West Side Delineation

CH2M HILL was contracted to conduct an investigation for the purpose of defining the
lateral extent of TCE contamination in soil surrounding former boring B-13 located near the
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end of the former stormwater drain line (refer to section 3.2.2).It should be noted that the
location of B-13 was never surveyed as part of the original investigation.

lnvestigation - Phase 1

Four direct push soil probes were advanced during the October 2000 investigation (Figure
8). Three probes were advanced around the boring B-13, each roughly L5 feet away from the
original boring. The fourth probe was advanced in the immediate vicinity of boring B-13

In addition to the TCE and PCE previously identified in this area tr.1995, the following
VOCs were present at concentrations exceeding their respective CALM Cuacu levels: 1,1,-

dichloroethene (L,L-DCE), cis-1.,2-dichloroethene (cis-1,2-DCE), methylene chloride, vinyl
chloride, and 1,,1,,2-trichloroethane (1.,7,Z-TCA). The greatest concentrations reported were
TCE at 220 mg/kg, cis-1,2-DCE at 30 mg/kg and vinyl chloride at 1.8 mg/kg (Table 5).
Further investigation was recorunended based on the Phase 1 results.

lnvestigation - Phase 2

Eight direct push soil probes were advanced during the December 2000 investigation.
Seven probes were advanced around the October borings, each roughly 15 to 20 feet away
from the original borings. The eighth probe was advanced down gradient of the area of
interest. Boring locations are identified in Figure 8.

The results indicated that vinyl chloride exceeded the Crracrr level in each of the eight new
borings and cis-1.,2 DCE exceeded the CrcecH level in four of the borings (Table 6). No TCE
concentrations were found in excess of the Crsecs screening level. The highest vinyl chloride
concentration reported was an estimated value of 12 mg/kg.

Conclusion

The lateral extent of the chlorinated VOC impact to soil in the area of interest near the
former boring B-13, was reasonably well defined after the October and December 2000
investigations. The extent of contamination covered an area estimated to encompass
approximately 4,000 square feet. Remediation activities were determined to be the next
step for this area.

3.2.6 West Side Corrective Action
An approved Corrective Action Work Plan was submitted by CH2M HILL on behaU of
Modine to the MDNR in September 2001. The corrective action consisted of the excavation
of soil impacted by VOCs in excess of Cr-rnor levels on the west side of the Modine building
based on the previous Phase 1 and 2 investigation results.

Remedial Action - Part 1

Excavation activities began in October 2001with the excavation, segregation, and
stockpiling of approximately 4,800 cubic yards of soil. The volume of excavated and
stockpiled soil exceeding Crrn*r levels was estimated at 3,000 cubic yards.

As excavation activities progressed and more information regarding the historic handling of
chlorinated solvents at the facility became available, it became apparent that the volume of
impacted soil was significantly more than originally estimated. This was particularly true
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laterally to the east and southeast of the assumed area of impact. Therefore, excavation
activities ceased and a direct-push subsurface investigation was conducted in order to better
understand and define the extent of impacted soil.

Delineation lnvestigation

Thirty-four direct-push soil probes were advanced in November 2001 (Figure 9). Thirfy soil
probes were placed in areas north, east, and south of the previously excavated area and four
soil probes were placed in the parking lot area located north of the excavated area. Each
boring was advanced until probe refusal ftedrock) was encountered. Borings were
generally placed approximately 20 feet or more from areas of known impact identified
during the excavation activities.

If field results (photoionization detector [PID] readings, odor, discoloration, etc.) indicated
that a boring was located within impacted soil, that location was again offset (fypically by 20
feet) until the lateral extent was presunably defined. Soil samples were collected at depths
near the soil/bedrock interface from locations where field-screening results indicated
minimal impact. Soil samples were analyzed for VOCs. No samples were collected from
borings with obvious impact since the purpose of the investigation was to delineate extent.

Results
The results of the subsurface investigation indicated that a significant volume of soil
contained concentrations of vinyl chloride and cis-1,2-DCE that slightly exceeded Crre*r
levels (Table 7). However, the vinyl chloride and cis-1.,2-DCE did not appear to be leaching
into the underlying groundwater since neither vinyl chloride or cis-1,2-DCE were present in
grotrndwater samples collected from nearby on-site monitoring wells at levels exceeding
CALM Groundwater Target Concentrations (GTARC).

Based on these facts, the development of altemative site-specific soil cleanup goals was
considered appropriate. In accordance with guidance provided in Appendix C-Tier 2
Cleanup Levels of CALM, the Synthetic Precipitation Leaching Procedure (SPLP) analysis of
soil samples was used to determine a site-specific leaching potential of VOCs to the
underlying groundwater.

Through comparison of the total and SPLP VOC results, site specific total VOC residual
concentrations of cis-1,2-DCE,TCE, and vinyl chloride in the on-site soil were determined.
The site-specific cleanup goals (SSCG) determined were 8.68 mg/kgcis-1,2-DCE,0.38
mg/kg TCE, and 0.32m9/kgvinyl chloride.

RemedialAction -Part2
A Corrective Action Work Plan Addendum 2 addressing the new cleanup levels and
excavation activities was submitted and approved by the MDNR in May 2002. Excavation of
the impacted soil began at the east wall of the area previowly excavated in October and
November 2001 and was advanced in an easterly direction to the assumed excavation limits
identified in the Work Plan. Excavation of the impacted unconsolidated overburden
continued until field screening (PID, odors, discoloration, etc.) indicated minimal VOC
contamination existed or bedrock was encountered.

Approximately 4,614 tons of VOC impacted soil was removed and transported to Allied
Waste's Jefferson City, Missouri landfill as special waste. Approximately L,900 cubic yards
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of non-impacted soil and asphalt were excavated, segregated, and stockpiled in the
southwest comer of the lower parking lot for future use as backfill.

With the exception of the northwest comer, the extreme southeast comer, and the east
central area, the final excavation limits were generally similar to the presumed excavation
limits identified in the Corrective Action Work Plan Addendum 2 (Figure 10). The volume
of additional VOC impacted soil removed from the extreme southeast and east central
excavation areas was approximately 50 cubic yards and 100 cubic yards, respectively.

During the excavation of the presumed northwest limits of the identified area, it was
discovered that the extent of contaminated soil extended further north and east than
anticipated. A large tree stump and two underground drain pipes (existing 16-inch and
former eight-inch storm sewer drain pipes) were uncovered in this area. Approximately 870
cubic yards of impacted soil were removed and disposed of properly. Figure 10 depicts the
limits of the excavation.

Results

Confirmation samples were collected at approximate 10linear foot intervals along the
exposed excavation walls. A total of 53 confirmatory samples (49 field samples and four
duplicate samples) were collected from the excavation area's walls. No confirmation
samples were collected from the base of the excavation, since soils were removed down to
the bedrock surface.

All final confirmation samples showed that TCE, cis-1.,2-DCE, and vinyl chloride
concentration were below the SSCG (Table 8).

Conclusion

The confirmation soil sample analytical results demonstrate that all impacted overburden
with VOC concentratioru exceeding site-specific cleanup goals was removed and disposed
of properly. No further action, investigative or remedial, is required for the soil source areas
on the west side of the Modine building. MDNR concurred with this conclusion via letter
dated June 30,2004.

3.3 Beneath the Building Floor
Several investigations, including the collection of soil samples from beneath the floor and
water samples from the gravel subgrade, have taken place over the years. Each investigation
is discussed in the following sections.

3.3.1 Drum Storage Area 3 (SWMU 31)and Monorail Vapor Degreaser and Still
Ms67 (SWMU 26)

Drum Storage Area 3 was reportedly operational fromt979 through 1983 (Jacobs). It was
located along the south outside wall of the building.The storage area was removed in 1983
to accommodate a building expansion to the south. The Jacobs VSI/PA reports that Drum
Storage Area 3 was constructed of a concrete slab over a base rock and clay mixfure. It was
reportedly 25 feet wide by 50 feet long. The VSI/PA reported that waste managed in this
area consisted of waste TCE and waste oil from degreasing operations, stored in S5-gallon
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drums. A release of TCE from 15 corroded drums reportedly occurred at Drum Storage
Area 3.

This area does not correspond with "Area 3: 1985 -1990 Drum Storage Area" as defined in
the RCRA Closure Plan. Area 3 in the Closure Plan refers to the Drum Storage Area located
within the wastewater pretreatment plant building.

Modine contends that this area was never used as a drum storage area for waste solvents,
but instead was used for storage of old equipment. However, MDNR received a report
from a former employee that a 4,500-gallon release of spent solvent occurred in this area.

Modine continued to investigate this reported release and obtained testimony from long
time employees that indicated the release was not a solvent release. The released material
was reportedly a neutralizing compound composed of water and soda ash. The neutralizing
compound was used to clean out solvent tanks and vapor degreasers after the solvent had
been removed.

Monorail vapor degreaser and stil M567 was the largest vapor degreaser at the facility. It
was installed in 1985 and remained in service trntil 1997.The unit had a solvent capacity of
4,000 gallons. The floor beneath the monorail vapor degreaser was recessed approximately
5.5 feet below the plant floor surface. The recessed trough was approximately 65 feet long
(east to west) and 10 feet wide. The degreaser unit measured approximately 50 feet long.
TCE was used in the tmit from 1985 rmtil Modine purchased the facility in 1990. Modine
used l.,l.,L-trichloroethane (1,1.,L-TCA) in the vapor degreaser from 1990 until 1993. I^1993,
1,1,1-TCA was replaced with methylene chloride, which was used until 1997 when the
monorail vapor degreaser was removed.

lnvestigations

1991

The first investigation conducted in the area of the drum storage area and the monorail
degreaser was the 1991 ESA conducted by Law. A portion of the ESA investigation focused
on what was identified as " Area L, drum storage area south of the building wall where
MDNR has suggested a 4,500 gallon solvent release occurred". Five holes were drilled
through the concrete floor and hand-augered borings advanced, two of which were located
within the monorail vapor degreaser trough (Figure 11).

Soil samples collected contained a variety of VOCs, however, only TCE concentrations were
present in excess of the SSCG of 0.38 mg/kg. TCE concentrations exceed the SSCG in the soil
samples from the boring adjacent to the solvent tank (3.0 mg/kg) and at the east end of the
degreaser trough (0.78 mglkg). 1',u 1,1,1.-trichloroethane concentration of 200 mg/kg in the
soil sample from the east end of the hough exceeded the Cr-recH concentration of 3.5 mg/kg
(Table 9).

1997

Lr April 1997, Modine contracted Dames & Moore to advance ten soil probes in this area
(Figure 11). The probes were located on all sides of the trough and associated storage tank.
The depths of the Geoprobe@ ranged from approximately 3.5 to 17 feet bgs.

Soil analytical results indicated the highest VOC concentration in samples collected from
probe P-7, located approximately seven feet east of the above ground solvent storage tank

COMPREHENSIVE HISTORICAL SUMMARY.OOC 17



INVESTIGATIVE AND REMEDIAL ACTION HISTOBY

and approximately three feet north of the trough for the monorail vapor degreaser. TCE
concentrations of 4 and 3. rng/kgwere found in the two samples collected from probe P-7,
covering a sampled interval of 4 to 5.5 feet bgs, exceeded the SSCG of 0.38 mglkg. Two
other VOCs , L,1,1-TCA and methylene chloride were fotrnd at concentrations in excess of
the Cr-rncn values. The sample from 4.5 to 5.5 feet bgs in probe P-7 contained 1,1,1-TCA at
6.0 mg/kg, above the Clsaci{ level of 3.5 mg/kg. Methylene chloride was reported at
concentrations above the Crencs level of 0.02 mg/kg in probes P-5,P-6,P-7,P-9 and P-10.
Methylene chloride was also present in the laboratory blank in all samples showing
concentration in excess of Cr,racn levels other than the two samples collected from probe P-5
(Table 9).

As part of the previous investigation in 199L, Law had installed an access port in the floor of
the base of the degreaser trough for collecting water trapped within the gravel subgrade
beneath the floor. A sample of the trapped water was collected from the access port and
from probe P-9 as part of this investigation.

The analytical results from the trapped water samples indicated the presence of several
VOCs. The trapped water from the access port contained methylene chloride;1,,'L-DCE;1.,2-
DCA; 1,1,1,-TCA; and TCE at concentrations greater than the GTARC. The trapped water
from probe P-9 also contained concentrations of methylene chloride; L,1-DCE; 1,1,1-TCA;
and TCE at concentrations greater than the GTARC. The concentrations in water samples
collected from the access port were 1 to 2 orders of magnitude greater than concentrations
found in the trapped water samples from probe P-9.

Conclusions

The results from the soil sampling beneath the floor of the building in the area of the former
monorail degreaser show that TCE was present in the soil at one location, east of the former
above ground solvent storage tank location and north of the monorail vapor degreaser
trough, at concentrations in excess of the calculated SSCG. Additional VOCs are also present
in the soil samples surrotrnding the former monorail degreaser at concentrations in excess of
the Cr,recn levels.

Samples collected from the trapped water within the gravel subgrade contained VOCs at
concentrations in excess of the GTARC levels. Since the gravel subgrade in this area was
removed along with the access port through the floor of the building during renovation
activities later in 1997 , no additional samples of trapped water were able to be collected.

The reported 4,500-gallon release of spent solvent in this area was actually a release of a
neutralizing compound composed of water and soda ash used to clean out solvent tanks
and vapor degreasers after the solvent had been removed.

3.3.2 Renovation Sampling
The building underwent a complete interior renovation :.r:.-1997. As part of the renovation,
all the degreasing units were removed and all recessed floor areas were brought to grade.
All equipment and subgrade piping in the plant was replaced with new equipment and
lines at this time.
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!nvestigation

During the renovation, Modine conducted additional sampling of soil beneath the floor of
the building. Fourteen soil samples were collected for TCLP VOCs for the purposes of
disposal characterization. Soil sample locations are depicted on Figure 1.2. As illustrated, one
of these samples (#7) was collected from the area of the former monorail degreaser.

Though direct correlation of TCLP data to total VOC data is not possible, the data can
demonstrate the absence of a substantial source of VOCs. A substantial source of VOCs in
soil would have resulted in detectable TCLP concentration. The chlorinated TCLP VOC
results from the sampling were all below detectable levels.

Conclusions

The TCLP data suggests that no substantial source of VOCs was identified in soil beneath the
floor of the building affected by the renovation activities.

3.3.3 lndoor Air Quality Assessment
An indoor air quality (IAQ) assessment was conducted in March 2003by CH2M HILL. The
indoor air quality assessment was requested by MDNR, to complete an Environmental
Indicator (EI) determination (Current Human Exposures Under Control) for the Modine
faciliry. The EI program is used by the Environmental Protection Agency (EPA) to track
progress at sites under the RCRA Corrective Action Program.

The MDNR was concerned that a potential pathway existed for contamination to migrate
from residual VOCs in the soil beneath the building or in soil along the west side of the
building to the air inside the plant. The objective of the IAQ assessment was to investigate
this potential pathway and determine if unacceptable human exposure to VOCs migrating
to indoor air from soil was occurring at the facitity.

lnvestigation

Air samples were collected from six locations within the Modine facility and one outside of
the facility. The sampling locations were selected in consultation with the MDNR. Air
sampling locations are identified on Figure 13. Air samples were collected using 2&hour
integrated canister sampling. This method involved placing an evacuated stainless steel
canister in each of the sample locations. Each canister had a preset sampling flow rate,
established accurately by the laboratory. After the valve was opened, the canister
continuously collected an air sample over the 24-hour period until the valve was closed.

Two analytical methods were performed on each sample. USEPA Method TO-14 for volatile
organic compotrnds provided adequately low detection limits for five of the eight
constituents of concem (COCs). Selected Ion Monitoring (TO-14 SIM) was conducted for
three analytes - PCE, TCE, and vinyl chloride. The SIM analysis enabled lower detection
limits to be achieved for these VOCs.

Results

Low concentrations of five VOCs (TCE, PCE, cis-1,2-DCE, vinyl chloride, and methylene
chloride) were detected in the indoor air samples. Concentrations of the five VOCs found
during the IAQ assessment were all less than 1% of the lowest occupational exposure limit
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The concentrations in indoor air at the facility also fell below the calculated comparative
screening levels for workers in an industrial setting (Table 10).

TCE and PCE were also detected at very low concentrations in the outdoor air sample.
These concentrations are consistent with ambient background concentrations found in other
parts of the country.

Conclusions

A comparison of measured concentrations to the most conservative occupational exposure
Iimits and the calculated risk-based screening levels for workers in an industrial setting
showed that there are no "unacceptable human exposures to contamination that can be
reasonably expected under current land- and grotrndwater-use conditions". Therefore, the
Camdenton facility achieved compliance with the Human Exposure Under Control EI.

Follow-up

During a February 6,2004 conference call to discuss the results of the IAQ assessment and
the path forward for the site, the MDNR requested that calculations be completed to
support the assertion that the concentrations of VOCs, specifically TCE, found in the indoor
air during sampling could be the result of concentrations left in soil on the west side of the
building or beneath the building floor. The calculations were done and provided to the
MDNR in a letter dated February 18,2004 that summarizes the results of the conference call.
The calculation spreadsheets were provided with the letter and are included in Appendix A
of this report. The calculations demonstrate that the concentrations in soil both on the west
side of the building as well as beneath the floor could accor:nt for the observed
concentrations in indoor air. Projected concentrations fall within the same order of
magnitude as those actually obtained.

Modine has continued to monitor the indoor air on an annualbasis using NIOSH sampling
and testing methods and have found no contaminant concentrations above detectable levels.

3.3.4 Chemical lnventory
During the August'1,6,2005 meeting, MDNR requested that an assessment of the chemical
inventory at the time the IAQ assessment was conducted be provided as part of this
comprehensive report. A chemical inventory assessment will determine if any chemical
products used on-site could contribute to the observed indoor air concentrations.

Results

The chemical inventory was conducted by performing a review of Material safety Data
Sheets (MSDSs) index provided by Modine. This MSDS index is provided in Appendix B.

An assessment of the information provided identified seven products as solvent cleaners or
penetrants possibly containing chlorinated solvents. According to records provided by
Modine, these products are no longer used at the facility, and were phased out during a
period from 1989 to 2000. VOC concentrations that could potentially have been emitted
from use of these products would not persist in indoor air within the facility. Therefore, it is
highly unlikely that emissions from products used within the facility would have been the
source for chlorinated VOCs, particularly TCE, detected in indoor air sampling.
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Conclusion

Based on an assessment of the MSDS, it is highly unlikely that emissions from products
used within the facility would have been the source for chlorinated VOCs, particularly TCE,
detected in indoor air sampling.

3.4 Groundwater
Hamilton Strndstrand, through their consultant SECOR, has taken the lead with regard to
characterization of groundwater in the area of the former Hulett lagoon and the Modine
facility trnder the cooperative agreement with the Superfund Section of MDNR. The
investigative history regarding groundwater has been well documented in the R[ (2003) and
Feasibility Study (2004) produced by SECOR. Therefore, the findings from previous
groundwater investigations are only briefly summarized in this portion of the
Comprehensive Historical Summary Document.

The locations for all monitoring wells in the area of the former lagoon and the Modine
facility are illustrated on Figure 14.

MDNR Investigation

ln July 1992 rhe MDNR HWP Superfund Section installed two monitoring wells on the
Modine property (lvIW-1 west side,lvtw-2 east side), collected groundwater samples from
these wells along with neighboring private wells, surface water samples from a down-
gradient creek, and surface water samples from a nearby spring. No constifuents were
detected by MDNR in the groundwater or surface water samples. Based on the results the
MDNR HWP Superfund Section decided to pursue no further action as documented in a
March 2,l9931etter to Modine.

TCE first appeared above the MCL of 5 ug/L in the onsite wells during the second MDNR
sampling event in December 1994. Concentrations were only slightly in excess of the MCL
(5.1 and 6.9 ug/L). TCE concentrations declined to below detectable levels in MW-2 on the
east side of the building during 1995 and \996,but remained above the MCL in MW-1
through 1995 (two sampling events).

Investigation to Achieve Fina! Closure of the lnterim RCRA TSD Facility

Based on the MDNR results from the onsite wells, Modine installed two additional on-site
wells in 1995 (MW-3 south, MW-4 north) as part of the Investigation to Achieve Final
Closure of the Interim RCRA TSD Facility. Results from the sampling of these two wells
indicated that the greatest concentrations were found in I\,/wV-4located approximately 125
feet northwest of the northwest comer of the plant. TCE concentrations in this well were
greater than 100 ug/L in late L995 and early 1996.

Mulberry Well

Based on finding elevated concentrations of TCE in the onsite wells, the MDNR began
sampling the nearby City of Camdenton water supply well known as the Mulberry Well.
The Mulberry Well is located approximately 600 feet east-southeast of the Modine facility
and approximately 1,000 feet south of the former Hulett Lagoon. The Mulberry Well was
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installed n 1986, completed to a depth of about 900 feet bgs, and cased to a depth of about
400 feet bgs.

Sampling of the Mulberry Well began in January 1997 ar.d TCE was found at a
concentration below the MCL. In February 1998, TCE was detected above the MCL and
GTARC of 5 rg / L.Since the beginning of. 1999, the City has been sampling the well
monthly. TCE concentrations have fluctuated over time with concentrations ranging from
tmder 5 ug/L (the MCL) to greater than 50 ug/L. No other VOCs have been detected in the
Mulberry Well.

Due to the level of TCE concentrations found in the Mulberry Well, it was taken off-line by
the city. However, the City has continued to periodically pump the well to waste for the
purposes of controlling the groundwater contaminant plume.

Fracture Survey

Dames & Moore conducted a field fracture survey on behalf of Modine :.r:.1996. Bedrock
outcrops in the erosional valleys north, south and west of the Modine facility were inspected
and the strike and dip of the fractures were measured using a Brunton Compass. The
orientation of.173 fractures were measured from 20 outcrop locations. The primary fracture
orientation is nearly vertical and trends N 50o E. SECOR conducted a fracfure survey as

part of the RI (2003) and confirmed a predominate N 50o E fracture trend. Since
grotrndwater flow within the bedrock is via these secondary porosity features, the
groundwater flow is affected by the primary fracture pattern and to a lesser degree the
secondary fracture pattem.

The findings from the fracture survey suggest that the former Hulett Lagoon is a source of
the elevated TCE concentrations found in lvIW-4 on the Modine property. Therefore,
monitoring well MW-5 was installed near the lagoon in August 1998.

Dye Test

A dye test was conducted in the spring and summer of.1999. The test consisted of the
injection of rhodamine dye beneath the concrete foundation on the east side of the Modine
plant and flourescein dye was injected into well MW-5 at the former Hulett Lagoon.
Monitoring for the presence of dye was conducted at all four of the onsite wells (1- ). The
purpose of injecting the rhodamine dye into the gravel subgrade beneath the building
foundation was to assess the potential movement of trapped water from the gravel
subgrade to groundwater. A shallow well (MW-6) screened in the unconsolidated
overburden (base of the screen on the bedrock surface) was installed on the west side of the
Modine building to assess if the dye would move along the bedrock surface.

Results of the test showed a hydraulic connection between well MW-5 and well MW-4,
verifying the conclusions of the fracture survey. Flouresein was present in MW-4 beginning
in July, peaking in August and was still detectable in the last sample collected in early
September,2005. Neither flourescein nor rhodamine was found in any of the three other on-
site monitoring wells. Flourescein was detected in the Mulberry well in one of three
sampling events but was determined to be suspect.
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Remedial lnvestigation

SECOR conducted RI activities in three phases from 2000 through 2002. During the first
phase five monitoring wells were installed (MW-7 through MW-L1), during Phase II four
wells were installed (MW-12 through MW-15), and seven wells were installed as part of the
third and final phase (MW-16 through MW-22). Geophysical logging and pump tests were
conducted as part of the RI. An early discovery following Phase I and II RI efforts was the
identification of an aquitard (zone of less permeability) approximately 30 to 40 feet thick, the
base of which is located between 690 and 790 feet above mean sea level A total of seven
shallow (perched) wells and nine deep wells were installed during the RI by SECOR.

One of the wells, MW-10, was installed as a sentry well to assess contaminant migration, if
present, toward the City of Camdenton's Blair Municipal supply we1l. It was installed
midway between the Modine facility and the Blair well on the next ridge top south of the
facility.

WellAbandonment

Monitoring wells IvIW-3 and MW-4 were deepened at the request of the MDNR due to MW-
4 being dry during two consecutive monitoring events in August and December 1995.
Monitoring wells MW-3 and MW-4 were deepened to the depth of approximately 1.75 feet
below top of casing and 195 feet below top of casing, respectively. When wells MW-3 and
MW-4 were deepened in February 1997,they bridged the less permeable "inhibiting zo e"
and possibly allowed groundwater (when present) above this zone to migrate to the deeper
zone. Both wells had originally been completed within the less permeable zone.

Based on this potential, Modine abandoned monitoring wells MW-3 and IvIW-4 in early
October 2001 to eliminate any potential conduit from the shallow to the deep zone.

RlResults

Following the first two phases of the R[ work, SECOR and Hamilton Sundstrand metwith
the MDNR to define data gaps and obtain consensus regarding several issues. The data gaps
identified were:

Extent of contamination in the deep aquifer, specifically downgradient of the former
Iagoon, needed better definition, and

Hydraulic effects from the pumping of the Mulberry well also needed further definition.

Consensus with the MDNR was reached on the following issues:

o The extent of contamination in the perched zone is defined south of the Modine facility
as the ravine where groundwater "daylights" (the low permeability zone is breached at
the base of the valley south of the facility);

Operation of the Mulberry well has a significant effect on regional hydrogeology and
appears to be providing hydraulic containment of impacted groundwater in the deep
zone;

a
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Natural Attenuation likely is not a viable remedial alternative for VOCs in groundwater;
and

Metals are not COCs in groundwater.

RlConclusions

The following conclusions related to groundwater in the area of the Modine facility and the
former lagoon were based on the results of all three phases of the RI:

o Two distinct groundwater zones were identified: a shallow, perched zone and a deep
aquifer zone.

VOCs in groundwater are characterized and limited to TCE and DCE.a

a

a

a

a

a

The majority of the contaminant mass has accumulated in the perched zorre, due to the
Presence of a low permeability layer that inhibits downward migration, the base of
which is at an elevation of approximately 693 to789 feet above mean sea level.

Elevated TCE spikes in the Mulberry wellbegan to occur in late sununer of.2001,
immediately following and during the excavation of impacted soil along the west side of
the Modine building.

Note that this correlation is incorrect since on site excavation activities did not begin
until October 2001.

The extent of VOCs in both the deep and perched groundwater zones have been
determined and is strongly influenced by preferential flow pathways including nearly
vertical fractures and bedding plane separations.

The extent of contamination in the shallow zone is defined to the east by lvM'l-7 (west of
MW-7) and to the west by MW-11 (east of MW-L1), both wells exhibited non-detectable
levels of VOCs. The extent to the south is defined by the ravine south of the Modine
facilify where the perched zone daylights (refer to consensus stated above). It is assumed
that the VOC extent in the perched zone does not extend much further north than the
former lagoon. This assumption is based on the fact that groundwater movement
(infiltration of precipitation) within the upper, unsaturated portions of the bedrock
would be nearly vertical through the fractures. Within the saturated portion of the
bedrock, flow would be in the direction of groundwater movement as dictated by
hydrostatic head along the preferential flow pathways. However, as demonstrated with
former monitoring wells MW-3 and Mw-4, there are times of the year when
groundwater is non-existent in the perched zone (i.e., little to no saturation within the
perched zone).

The perched zone is not defined as an aquifer from a regulatory perspective since it does
not store or produce water in recoverable quantities sufficient for private or public use.
Therefore, exposure to groundwater within the perched zone is remote. Available
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A Feasibility Study was recorunended to assess remedial alternatives and decide on a
practical remedy to address groundwater impacts.

Feasibility Study

Lr October 2004, SECORprepared a Feasibility Study (FS) onbehaU of Hamilton Sundstrand
that assessed remedial altematives to mitigate the continued migration of contaminants in
groundwater. A Groundwater Flow Model Report and Targeted Risk Assessment (TRA)
were prepared in September 2004 in support of the FS. The following conclusions are based
on the findings of the FS and support documents:

. Impacted soils in the area of the former lagoon and manufacturing facility are
adequately addressed and do not pose a significant risk to human health and the
environment.

The results of the TRA indicate that impacted groundwater in the perched zone does not
pose a significant risk to human health and should not affect goals to protect the City's
potable water supply.

a

a

a

o

a

a

information indicates that residents are not using water derived from the perched zofie.
Residents in this area are provided water through the public water supply system.
There is one non-operational, private well in the immediate area located on Bentree
Avenue, the Burnau well. However, well completion information is not available, so it is
unclear whether or not the well is completed within the perched zone. The RI
recorunended that this well be abandoned to eliminate the potential exposure pathway.

The pump tests indicated that the City's periodic pumping of the Mulberry well seems
to be inhibiting the migration of TCE. Continuous pumping at the Mulberry well has the
ability to provide effective hydraulic containment of VOCs in the deep aquifer.

The City's removal of sediment from and closure of the former lagoon, along with
Modine's removal of impacted soil at the west side of the manufacturing facility
elirninated sources for further contaminant migration to groundwater.

The screening and analysis process identified six potentially viable remedial altematives
to address impacted groundwater in the deep zone. Of the six, containment was
determined to be the most practical.

Contaminant containment can be accomplished through continued pumping of the
Mulberry well. Limited additional studies, such as a remedial design, willbe required to
determine the optimum pumping rates, appropriate monitoring locations, and potential
equipment upgrades.

Active remediation of the perched zone is not practical. Since continuing sources of
contamination in soil have been eliminated, natural attenuation should address the
perched zone impacts in time.
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a

a

Quarterly Groundwater Sampling

SECOR has continued to conduct quarterly groundwater sampling of both the shallow and
deep wells in the area of the former lagoon and facility. Sample results are reported for the
VOCs in grotrndwater - TCE and cis-1,2-DCE. The most recent data available is for the year
2004. A suuunary of the relevant results from 2004 are discussed below:

o VOC concentrations in excess of the MCL and GTARC were present in shallow wells
MW-5, MW-8, MW-9, MW-12 and MW-13. The highest TCE and cis-l.,2-DCE
concentrations were present in MW-S located immediately south of the former lagoon.

No VOCs have been detected in the sentry well MW-10

TCE concentrations in the two deep wells located on the Modine facility were below the
MCL of 5 ug/L during every event, except for the ]anuary event in which the sample
from MW-2 (east side) exhibited a concentration of.6.2ug/L.

The deep wells with VOC concentrations in excess of the MCL and GTARC were MW-
1.4, MW-16, and MW-19.

AdditionalData

Since the submittal of the FS, the City detected TCE in the City of Camdenton's Rodeo well
as part of its ongoing municipal well sampling program. The Rodeo well is located near the
airport over a mile east, southeast of the former lagoon and manufacturing facilify.

TCE was detected at a concentration of.0.64 ppb, well below the MCL and GTARC of 5 ppb
Subsequent sampling by the MDNR showed no contaminant concentrations above
detectable levels.

a
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4. Conclusions and Summary

This document provides a comprehensive historical summary of all investigative and
remedial activities that have taken place related to both the former Hulett lagoon and the
Modine facility. The purpose in providing this information is to address the issues
identified in the CME, in subsequent correspondence with MDNR and in further
discussions with MDNR.

The unresolved issues focus on the following topics:

o potential source of VOCs in soil beneath the building floor of the Modine facility in the
area of the former Monorail Vapor Degreaser, (SWMU 26)

potential source of VOCs in soil along the former domestic wastewater line that
conveyed wastewater from the facility to the former Hulett Lagoon

adequate definition of the extent of trichloroethene (TCE) in groundwater in the shallow
"perched " zone and "deep" zorte south of the Modine facility

adequate definition of the extent of TCE in groundwater in the "perched" zonenorth of
former Hulett Lagoon

a the possibility of an evaluation of remedial altematives for the shallow "perched" zone.

Facts from this comprehensive historical summary that support the conclusion that each of
these issues have been, or wilIbe, satisfactorily addressed are provided in the following
paragraphs.

4.1 Conclusions
Potential source of VOCs in soil beneath the buildlng floor of the Modine facility

The results from the soil sampling beneath the floor of the building in the area of the former
monorail degreaser and reported drum storage area show that VOCs are present. However,
additional investigation and/or remediation for these contaminants are not warranted
based on the following:

o The area was never used as a drum storage area for waste solvents, but instead was used
for storage of old equipment.

The reported 4,500-gallon release of spent solvent in this area was actually a release of a
neutralizing compound composed of water and soda ash used to clean out solvent tanks
and vapor degreasers after the solvent had been removed.

a
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a Other than TCE, no other identified VOCs (PCE, vinyl chloride, methylene chloride,
1.,2-DCA, and 1,1,1-TCA) present in soil beneath the building have ever been detected in
any groundwater analysis.

During the 1997 renovation, Modine removed some of the soil and the gravel subgrade
in this area and conducted sampling of the soil for TCLP VOCs for the purposes of
disposal characterization. The results showed no TCLP VOC concentrations above
detectable levels.

Rhodamine dye injected into the gravel subgrade beneath the building foundation was
not observed in any on-site or off-site monitoring wells. Therefore, no connection
between the trapped water within the gravel subgrade and groundwater was
demonstrated.

Concentrations of the five VOCs identified in indoor air were all less than 1% of the
lowest occupational exposure limit and below the calculated health-based screening
levels for workers in an industrial setting. These results showed that there are no
"unacceptable human exposures to contamination that can be reasonably expected
under current land- and groundwater-use conditions". Therefore, the Camdenton
facility achieved compliance with the Human Exposure Under Control EI.

a

a

a

a Subsequent calculations demonstrate that the concentrations of VOCs, specifically TCE,
in soil both on the west side of the building as well as beneath the floor could account
for the observed concentrations in indoor air. A chemical inventory assessment shows
that it is highty unlikely that emissions from products used within the facility would
have been the source for chlorinated VOCs, particularly TCE, detected in indoor air
sampling.

The presence of the buitding provides a cap that effectively precludes infiltration of
precipitation as a vehicle for contaminant movement.

The MDNR has concurred that no further action is necessary with regard to soil at the
former Hulett Lagoon where similar TCE concentrations remain in soil.

With all the analytical data confirming that no substantial source of VOCs exists in soil
beneath the floor of the building and the completion of the Human Exposure Under Control
EI, no further action, investigative or remedial, is required for the soil source in this area.

Potentialsource of VOCs in soil along the former domestic wastewater line that formerly
conveyed wastewater from the facility to the former Hulett Lagoon

There has been no direct sampling of soil surrounding off-site wastewater conveyance
piping. However, a dye trace study completed in 1998 by MDNR showed that the Cify
sewer line leaks and that the movement of any wastewater leaking from the line moves
quickly to the "perched" zone. Since the line would be constantly flowing, this flushing
action would drive any contamination through the overburden soil toward groundwater.

a

a
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The flushing action would not allow any significant VOC contamination to remain in the
soil surrounding the City line.

The confirmation soil sampling from removal of the onsite former wastewater discharge line
demonstrates the effectiveness of continued flushing of the soil to remove significant VOC
concentrations in surrounding soil. The line conveyed wastewater from the former mud pits
on the west side of the facility to the City of Camdenton sewer main located at the north
side of the Modine facility and was removed as part of a plant renovation. Confirmation soil
sample results indicated that only very low concentrations of VOCs (well below the SSCG)
remained in soil surrounding the line. The line was constructed of clay tile, had documented
releases and still showed only very low VOC concentrations. The contaminant load (mass)
in this section of line would be far greater than in the actual conveyance line to the lagoon.

It is our understanding that homes along Sunset also discharged to the conveyance line
prior to discharge to the former lagoon. These additional discharges would result in dilution
of the facility discharge with other sanitary waste streams prior to discharge to the lagoon.
Based on these findings, the potential for a significant source of VOCs in soil surrounding
the offsite wastewater conveyance line between the facility and the former Hulett Lagoon
seerns very unlikely.

With the soil analysis results from more concentrated areas upstream of domestic
wastewater line being below SSCGs and the continual flushing action of the leaking line, no
significant concentrations of VOCs would remain along the line. Therefore, no further
investigation needs to be completed for this area.

Adequate delinition of the extent of TCE in groundwater in the "deep" zone south of the Modine
facility

The MDNR CME requested an additional deep monitoring well located south-southwest of
Mulberry weII to help in delineation of the deep plume. The MDNR believes that the senhy
well MW-10 is too distant from the source area and screened too deep (200 feet deeper than
other deep wells) to serve as an effective sentry well. As agreed to during the August 2005
meeting between MDNR and Modine, the Superfund Remedial Design (RD)/Remedial
Action (RA) process will determine if an additional deep well or wells are necessary and the
appropriate location of these wells.

It is anticipated that the RD willbe completed within the next year. The MDNR will defer
the decision on the installation of a deep monitoring well in this area until the RD/RA has
been completed.

Adequate delinition of the extent of TCE in groundwater in the "perched" zone north of former
Hulett Lagoon and south of the Modine lacility.

The MDNR requested the addition of a monitoring well north of the Hulett Lagoon near
deep well MW-16 for delineation of the plume in the shallow zone. During the August,2005
meeting it was agreed that the need for, and the location of, a shallow well in this area will
be addressed through the RD/RA process.
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The MDNR also requested the addition of a monitoring well south of the Modine Facility for
additional delineation in the shallow zone. As agreed upon in the August 1.6,2004 meeting,
the need for a shallow well south of the facility is not necessary.

Evaluation of remedialalternatives for the shallow "perched" zone

MDNR wants an evaluation of potential remediation alternatives, particularly in-situ, for
the shallow "perched" zone. In MDNR's opinion, an evaluation of potential remedial
alternatives may indicate that a possible remedial action will be cost effective and could
shorten the time for the selected RA (containment using the Mulberry Well) to return
groundwater in the deep zone to a potable condition.

An FS (evaluation) for the shallow "perched" zone is not necessary based on the following:

o The results of the TRA indicate that impacted groundwater in the perched zone does not
pose a significant risk to human health and should not affect goals to protect the City's
potable water supply.

Testing of the deep aquifer showed through pumping of the Mulberry well that there is
some interconnection between the perched and deep zones. Therefore, continued
pumping of the Mulberry well will also provide containment and remediation in the
shallow zone.

a

a

a

No in-situ technologies were retained in the FS for the deep zone due to technical or
logistical factors. These same technical and logistical factors hold true for the shallow
zone.

The FS concluded that active remediation of the perched zone is not practical.

4.2 Summary

In summary, with the completion of multiple investigations, the establishment of the SSCG
values, the completion of extensive remedial actions and the MDNR approvals of no further
action in areas with similar residual concentrations, Modine feels that all areas of the
Camdenton site have been adequately addressed and no further action, investigative or
remedial, is required with regard to soil. Groundwater issues are also being addressed in a
sufficient manner with final resolution of these issues to be determined in the near future.
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TABLE 2
West Side of Building lnvestigation (Law 1991) - Soil Sample Analytical Results

Sample l.D. B-1 B-2 B-3 B-4
Sample Depth (Feet) 2.0-4.0 2.0-4.3 2.0-4.0 4.0-8.0
Collection Date 10/8/1991 10/8/1991 10/8/1991 10/8/1991

ANALYTE UNITS

Chloromethane mq/kg ND ND ND ND
VinvlChloride mo/kq ND ND ND 0.078
Chloroethane mq/kq ND ND ND ND
Trichlorof luoromethane mq/kq ND ND ND ND
1,1 - Dichloroethene mq/kq ND ND ND ND
Methylene Chloride mq/kq 0.0084 0.0048 ND ND
trans - l,2,Dichloroethene mq/kq ND ND ND 0.012
1 ,1-Dichloroethane mq/ko 0.0062 ND ND ND
Chloroform mq/kq ND ND ND ND
1,1,1 -Trichloroethane mq/kq 0.16 0.0012 0.0059 ND
Carbon Tetrachloride mo/ko ND ND ND ND
1 ,2-Dichloroethane mo/kq 0.061 ND ND ND
Trichloroethylene mq/kq ND ND ND ND
1 .2-Dichloroorooane mo/ko ND ND ND ND
Bromodichloromethane mo/ko ND ND ND ND
2-chloroethvlvinvl ether mo/ko ND ND ND ND
trans-1,3-Dichloropropane mq/kq ND ND ND ND
1 . 1 .2-Trichloroethane mo/ko ND ND ND ND
Tetrachloroethene mo/ko 0.0058 ND ND ND
Dibromochloromethane mo/ko ND ND ND ND
Chlorobenzene mo/kq ND ND ND ND
Bromoform mo/ko ND ND ND ND
1,1,2,2-T elranch loroethane mq/kq ND ND ND ND
1 ,3-Dichlorobenzene mq/kq ND ND ND ND
1 ,4-Dichlorobenzene mq/ko ND ND ND ND
1 ,2-Dichlorobenzene mq/kq ND ND ND ND

ND - Not Detected at method detection limit



TABLE 3
Closure lnvestigation (Dames and Moore 1995) - Soil Sample Analytical Results

VOC Constituent

Soil Boring Depth (feet) TCE PCE 1 ,'t-Dichloroethene Methlyene Chloride

B-13 8.5-13 204 2.18 ND ND
B-16 6',-4.5 0.0289 ND 0.0109 0.029 B
B-17 4.5 0.0035 ND ND 0.013 B

Notes:
Results in milligrams/kilogram (mg/kg)
B - Analyte identified in blank
ND - Not Detected
Samples submitted to laboratory from three of the six borings advanced
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TABLE 8
Removal Action Confirmation Samples West Side of Building (CH2M HILL 2002) - Soil Sample Analytical Results

Volrllla Orilnlc Commundl

SAITPLE IDENTIHCANON dll,2-Olchloroathan. (nE/kq) Trlahloroathana (rm/kg) Vlnyl Chlorl(b (rn9/k9)

H(}tW{ll l.7zo ND(O.031)

MO,tYY{tE 0.E6t ND(0.025)

MO,1W{lC NO(0.031)

il(},lw{:t l.m NO(0.025) 0.1'ro

t/to,lw{21 4.too ND(0.034)

l&tw{s NO(0.025) ND(o.025) ND(0.025)

lro.tw{4
uGtw{t ND(0.025) ND(0.026) N0(0.025)

[io.tw{tD NO(0.025) ND(0.025) N0(0.025)

Ho,IW{t o,/or NO(0.025) 0,03t
iro-lw{3D ND(0.025) ND(0.025) NO(0.025)

MG2W4t O.tm NO(0.031) NO(0.031)

trlGzw.olD 0.stc NO(0.031) ND(0.0s1)

uo,sw{t 0.40e ND(o.029) NOt0.02cl

uo'sw{:t ort1 NO(0.029) NO(o.029)

tlo-4w{l 0.1 t0 NO(0.029) NO(0.@0)

M(}4W{:I Ll4 NO(0.029) ND(0.0e9)

uG6W.0r o.5to NO(0.029) 0.071

uo{w{1 0.035 NO(0.029) NO(0.029)

MO-CW.02 0.tcr NO(0.029) ND(0.029)

MO{W{t ND(0.032) NO(0.0s2) 0.052

rrc{w{s0 ND(0.032) ND(0.032) NO(0.032)

ltGTw{t Llt NO(0.035)

uo-7wnt NO(0.029) NO(0.029) ND(0.029)

uo{w{t 0J!7 NO(0.029) 0,0llt

Lo{w{t 1.to ND(0.03o) 0"2lc

uo'low{t 33lo 0,0e2

r(,.r0w.0lt o27a

ttGtow{:t NO(o.031) ND(0.032) NO(0.032)

irol0w{4 ND(0.034) NO(0.034) ND(0.03,{)

MO-low{t NO(0.030) ND(0.030) NO(0.030)

uGt0w{6 3,tU0 ND(0.031) NO(0.031)

uG10w.07 r.r20 NO(0.028) NO(0.028)

ttcttw{t LEilo 0,1t4 0,rt0
t o,ilw{2 ND(0.025) NO(0.025) NO(0.02s)

rrrofiw{! 2.71 0.o'lt
It(},ttw{i!! Nq0.028) NO(o.029) NO(0.029)

ro,ttw{a o.1t!
rl(},fiW{4! NO(0.03t! NO(0.031) NO(o.03r)

ilo,lzw{t NO(0,032) NO(0.032) ND(0.032)

Mo,12W02 ND(0.030) ND(0.030) 0.0tc
MG.12W{:l NO(0.qut) ND(0.032) 0.110

ilo,lsw{'l 0.3tc ND(0.032) 0.t00
lilGltw{2 l,f7 NO(0.032) NO(0.032)

Ho,l4W{t 0,051 NO(0.030) NO(0.030)

i/lG1aw{z NO(0.037) NO(0.03n 0.0a9

lilo-laW{:! o,oao ND(0.030) 0,041

ilollw{t NO(o.035) NO(o.035) ND(0.035)

u(}'t6w{2 NO(0.033) NO(o.033) Nq0.033)
xGtrw{! NO(0.030) NO(o.036) ND(0.036)

MO-ttw{t ND(0.032) NO(0,G32) NO(0.032)

Ito.ltw{2 NO(0.031) ND(0.091) ND(0.031)

t (}ttw{s NO(0.031) ND(0.031) ND(o.03r)

MO€P{2 1.570 NO(0,028) NO(0.028)

S]TE€PECIFrc CLEAIIUP LEVET.s t.6t o.!t 0.32

UGSP{2 - Smpla collsled bcroath lomorMtanimtod sollltockplla
UO.1W.0l . Sempl6 olleled lrom o)cavatlon wall
VD(0.028) - Nol dcteclsd al e concontauon gt€ater lhan tho lbtsd rBpodinC llmlt
Dg/tg . milligEms^iloorsm
. Vocs by rihthod 503882808

Bold d.nolaa poalth| (hLcum
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Chemical:
lndoor Air Concentration (ug/m3):

Molecular Weight:
Molar Volume of Gas:

RESULTS SHEET

Trichloroethylene

200
131.389
24.4061

lndoor Air Concentration (ppb) 37.15

Conversion = [] ug/m3 " molar volume / molecular weight
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